We compared the clinical efficacy and safety of two doses of ropivacaine for spinal anesthesia in Chinese patients undergoing lower limb and lower abdominal surgery. In this randomized, open-label study, 40 patients were divided into two groups: group A received 3.5 mL (26.25 mg) of 0.75% glucose-free ropivacaine, and group B received 4.5 mL (33.75 mg). Sensory and motor blocks were assessed during and after surgery through to complete recovery. Seven standard measurements were taken: time to onset of sensory blocks; maximum sensory cephalad spread; time to maximum sensory block; maximum number of blocked segments; duration of sensory block at L3; time to onset of complete motor block; and duration until complete motor block recovery. Vital signs and any adverse effects related to spinal anesthesia were also recorded. No significant differences were found between the two groups: time to onset of sensory block at L3 in group A vs B (2.1 ± 9.6 vs 1.7 ± 7.3 minutes), maximum cephalad spread [T4-5 (C3-T11) vs T4 (C3-T8)], maximum number of blocked segments (18.0 ± 3.4 vs 19.8 ± 3.7), time to maximum sensory block (34.0 ± 22.9 vs 26.8 ± 17.9 minutes), duration of sensory block at L3 (251.2 ± 34.7 vs 277.3 ± 51.1 minutes), time to onset of complete motor block (13.4 ± 6.4 vs 10.3 ± 3.4 minutes), and time for complete recovery from motor block (264 ± 52.1 vs 292.5 ± 64.5 minutes). No significant differences in global hemodynamic changes were found during and after the operation. While shivering was more frequent in group B during the operation, the difference was not significant. Otherwise, there were no differences in adverse effects during and after surgery. We conclude that both doses of 0.75% glucose-free ropivacaine, 26.25 mg (3.5 mL) and 33.75 mg (4.5 mL), have the same efficacy and safety in Chinese patients undergoing spinal anesthesia for lower limb and lower abdominal surgery.
less potent motor block than bupivacaine 0.5% [6] .
There are, however, few reports on ropivacaine as a local spinal anesthetic in humans. In 1994, van Kleef et al concluded that subarachnoid injection of glucose-free ropivacaine solutions resulted in a variable spread of analgesia, mostly accompanied by a good quality of motor block with the 0.75% solution but not the 0.5% solution [6] . In vivo studies in dogs and mice have also indicated that, at equal drug concentrations, spinally administrated ropivacaine is less potent and has a shorter duration of motor block than bupivacaine [1, 7] .
In recent years, there has been more research on the use of ropivacaine for spinal anesthesia in obstetric [8] [9] [10] and non-obstetric patients [6, [11] [12] [13] [14] [15] . Most of these studies have concluded that ropivacaine is less potent than bupivacaine [8, [11] [12] [13] [14] .
There are few data on adequate spinal anesthesia dosing with 0.75% glucose-free ropivacaine in Chinese patients. Our previous studies showed that two doses of 0.75% glucose-free ropivacaine, 18.75 mg (2.5 mL) and 22.5 mg (3 mL), provided the same efficacy and safety in patients undergoing spinal anesthesia for cesarean section [16] . As no previous studies have assessed the effects of different doses of ropivacaine for lower abdominal and lower limb surgery, and because our pilot study showed that doses of less than 5 mL ropivacaine could provide safe spinal anesthesia for such procedures, we compared the clinical efficacy and safety of 0.75% glucose-free ropivacaine at two doses, 3.5 mL (26.25 mg) and 4.5 mL (33.75 mg), as local anesthetic for spinal anesthesia in patients under-going lower limb and lower abdominal surgery.
MATERIALS AND METHODS

Study design
This study was a randomized, open-label clinical trial of 0.75% ropivacaine for spinal anesthesia during lower limb and lower abdominal surgery. According to our pilot study and one previous report [16] , doses between 3 mL and 5 mL (22.5-37.5 mg) are effective and safe, though precisely which doses were not determined. We studied two groups: group A was given 3.5 mL (26.25 mg) and group B was given 4.5 mL (33.75 mg). The study protocol was approved by the hospital's research and ethics committee, the investigation was fully explained to the patients, and informed consent was obtained at the beginning of the study. The study was continued through to complete recovery from anesthesia.
Patients
The 40 patients enrolled in this study were between 18 and 60 years of age and had American Society of Anesthesiologists (ASA) physical status P1 or P2, body weights between 50 kg and 70 kg, and heights between 155 cm and 170 cm. Patients were free of specific cardiovascular or neurologic diseases and were scheduled for lower limb or lower abdominal surgery with spinal anesthesia.
Medications and procedures
No premedication was given. Patients were prehydrated before anesthesia and had standard monitoring, including continuous electrocardiogram, pulse oximetry, and noninvasive measurement of arterial blood pressure cycled at 1-minute intervals. Local anesthetic for spinal anesthesia was 0.75% ropivacaine glucose-free solution (Naropin ® ; Astra AB, Södertälje, Sweden). Preliminary analysis showed that the specific gravity at 37°C was 0.9991, with a nearly isobaric relationship with cerebrospinal fluid. After infusion of 250-500 mL of lactated Ringer's solution, each patient was placed in the lateral decubitus position on the operating table. Local infiltration of the skin with 2% lidocaine and dural puncture were performed at the L3-4 lumbar vertebral interspace using a 27 gauge Quincke point spinal needle (Becton Dickinson, San Jose, CA, USA). Needle position was confirmed by aspiration and the free-flow of cerebrospinal fluid. Then, 3.5 mL or 4.5 mL of the anesthetic solution was injected into patients in groups A and B, respectively. Full injection required between 15 and 20 seconds. After injection, the patient was immediately placed in the supine position. Systemic arterial blood pressure and heart rate were monitored during induction and surgery and in the recovery room. If the systolic blood pressure decreased by more than 25% of the pre-anesthetic value or fell below 90 mmHg, ephedrine 10 mg was given intravenously. Fentanyl 0.05-0.1 mg and/or midazolam 2-3 mg were given intravenously if adequate analgesia was not achieved within 30 minutes of injection.
Assessment and evaluation
Before commencement of anesthesia, patients were instructed on the methods of sensory and motor assessments, and baseline measurements were made. Analgesia (sensory block) was assessed on both sides along the neck, arms, trunk, legs, and perineum by testing loss of sensation to cold using an alcohol sponge [11] . Motor block of the lower extremities was evaluated bilaterally using a modified Bromage scale (0-3): 0 = full flexion of knees and feet; 1 = just able to move knees; 2 = able to move feet only; 3 = unable to move feet or knees. After spinal injection, we assessed sensory loss and motor block scores every minute during the first 5 minutes. During the first 30 minutes, these values were re-assessed at 5-minute intervals. Between 30 and 120 minutes, assessments were made at 15-minute intervals. Thereafter, they were made at 30-minute intervals through to complete recovery. Seven standard measurements were taken: time to onset of sensory block, maximum sensory cephalad spread, time to maximum sensory block, maximum number of blocked segments, duration of sensory block at L3, time to onset of complete motor block, and time to complete recovery. The adequacy of surgical anesthesia was determined on the basis of the patient's subjective response to surgery and the requirements for supplemental medication to keep the patient comfortable and pain-free. Patients were evaluated for possible adverse effects during surgery, during the full period of anesthesia, and for 24 hours after the surgical procedure.
Spinal anesthesia and assessments during anesthesia and surgery were performed by the same attending anesthesiologist (the researcher). However, the assessment and data collection after surgery and during the recovery period were made by two well-trained nurses.
Statistical analyses
Data are presented as mean ± standard deviation, median (range), or frequency, and were analyzed by the MannWhitney U test (Wilcoxon rank sum test) and Chi-squared test or Fisher's exact test. A p value of less than 0.05 was considered statistically significant.
RESULTS
All patients completed the study. Both groups had comparable demographic data, including age, height, weight, and prehydration before spinal anesthesia. Characteristics of patients and surgical procedures are summarized in Tables 1 and 2, respectively. In all patients, comparable levels of analgesia were obtained (Table 3 ). The maximum cephalad spread of sensory block was slightly greater in group B than in group A, and the maximum number of blocked segments in group B was two segments higher than in group A, but these differences were not statistically significant (Figure 1 ). Al- though the time to maximum sensory block was similar in both groups, the onset time to complete motor block was slightly lower in group B, and the duration of analgesia at L3 and the time for complete recovery from motor block were slightly longer in group B than in group A, but these differences were also not significant (MannWhitney U-test) (Figure 2 ). There were also no significant differences in global hemodynamic changes during and after surgery (Table 4) . However, at the beginning of anesthesia, one patient in each group experienced transient hypotension, treated with total ephedrine doses of 20 mg (Group A) and 22 mg (Group B). Shivering was more frequently observed during surgery in group B than in group A (Table 5) . This difference, however, was not significant. No other differences were noted in adverse effects during and after surgery between and within groups. One patient (5%) in group A and two (10%) in group B did not achieve adequate analgesia within the first 30 minutes, so they received low-dose fentanyl (total dose: Group A, 0.1 mg; Group B, 0.2 mg) and/or midazolam (total dose: Group A, 5 mg; Group B, 9 mg), with no significant differences between groups. All patients completed surgery successfully without any residual neurologic symptoms or postdural puncture headache at follow-up.
DISCUSSION
The purpose of this study was to investigate the adequacy C4 C5 C6 C7 C8 T1 T2 T3 T4 T5 T6 T7 T8  T9 T10 T11 Distribution of the maximum sensory block level Values are mean ± standard deviation. There were no significantly different changes in blood pressure or heart rate for the periods pre-anesthesia, during anesthesia and recovery, between and within groups. Mann-Whitney U-test (Wilcoxon rank sum test).
of two different doses of 0.75% glucose-free ropivacaine, 26.25 mg in 3.5 mL vs 33.75 mg in 4.5 mL, and to compare their relative anesthetic efficacy and safety during spinal anesthesia in Chinese patients undergoing lower limb and lower abdominal surgery. We found that both doses of ropivacaine provided adequate anesthesia. Although no significant difference was found between groups, possibly due to the small difference in dose (1 mL), the higher dose had a slightly faster time to maximal sensory cephalad spread and complete motor block, and slightly longer sensory and motor regression (Table 3 , Figures 1 and 2 ). Previous studies found that better motor block was obtained with 0.75% ropivacaine than 0.5% ropivacaine [6, 11] . The optimal dosage of spinal anesthesia with plain or isobaric ropivacaine for lower limb and lower abdominal surgery is still unknown. van Kleef et al reported that 3 mL of 0.5% (15 mg) glucose-free ropivacaine was suitable for transurethral procedures or minor orthopedic surgery when the degree of motor block was not of critical importance, and 3 mL of 0.75% (22.5 mg) glucose-free ropivacaine provided the most satisfactory conditions for lower limb surgery of intermediate duration [6] . Wahedi et al also concluded that a dose of 3 mL of 0.75% isobaric ropivacaine seemed to be suitable for gynecologic and urologic operations [11] . However, Malinovsky et al reported that 5 mL of 0.3% (15 mg) isobaric ropivacaine was ineffective for endoscopic procedures of the lower urologic tract compared to 10 mg of bupivacaine [14] . Previous studies have shown that the equipotent ratio between bupivacaine and ropivacaine is 3:2 with an isobaric solution for knee arthroscopy [12] , or 2:1 with a hyperbaric solution in volunteers [13] .
Analgesic spread with isobaric spinal ropivacaine is reported to be widely variable [6, [11] [12] [13] , as it was in this study, extending from segments C3 to T11. Although recent studies have suggested that the addition of glucose to spinal ropivacaine, a hyperbaric solution, improved reliability and might enable a smaller dose to be used [8, 10, 13, 15] , this addition resulted in faster times of onset of and recovery from sensory and motor block, with a higher incidence of hypotension in cesarean delivery (67-100%) [8, 10] and non-obstetric surgery (15-20%) [15] compared to Wahedi et al's study (5%) [11] , Malinovsky et al's study (40%) [14] , and our study (5-10%) using isobaric solution in non-obstetric procedures. Fortunately, all patients in our study obtained adequate analgesia and complete motor block, and prolonged onset of block allowed more time for hydration, reducing hypotension. Some reports have concluded that, with hyperbaric solutions, the rates of recovery from sensory and motor block are faster than with plain/isobaric spinal ropivacaine in cesarean delivery [8, 10] and non-obstetric surgery [15] , possibly suggesting that a hyperbaric solution is suitable for use in ambulatory anesthesia and shortduration anesthesia, such as cesarean delivery. The prolonged sensory and motor block with plain/isobaric spinal ropivacaine (0.75%) may provide good analgesia for longer-duration surgery and reduce the use of perioperative analgesics [6] .
Our findings of stable hemodynamics during surgery and low incidences of inadequate analgesia (10-20%) and other adverse effects such as postspinal headache are in agreement with Gautier et al's [12] and Khaw et al's results [10] . These factors would ordinarily suggest 0.75% glucose-free spinal ropivacaine for anesthesia for lower limb and lower abdominal surgery; however, because the high variation in the spread of sensory block within groups may affect anesthetic efficacy, further investigation is needed.
In conclusion, we compared the effects of two different doses of 0.75% glucose-free ropivacaine in spinal anesthesia for lower limb and lower abdominal surgery. We found that 26.25 mg (3.5 mL) and 33.75 mg (4.5 mL) were equally effective and safe in Chinese patients undergoing spinal anesthesia for lower limb and lower abdominal surgery.
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